Applied Quantitative Finance is a new series developed to bring readers the very latest market tested tools, techniques and developments in quantitative finance. Written for practitioners who need to understand how things work "on the floor," the series will deliver the most cutting-edge applications in areas such as asset pricing, risk management and financial derivatives. Although written with practitioners in mind, this series will also appeal to researchers and students who want to see how quantitative finance is applied in practice.
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Preface
Around early 2011, I was considering undertaking some work relating the risk premiums obtained from yield curve models to currency movements, in particular for the New Zealand dollar versus the US dollar. The problem was that the yield curve models I had available were Gaussian, and were therefore not appropriate to apply to US yield curve data constrained by the zero lower bound (ZLB). I mentioned to my manager that I had a simple idea to fix the problem, using bond options, which had occured to me previously when undertaking my Ph.D. thesis. His reply was something like, "You had better work quickly on that, because US interest rates might not remain at zero much longer." Similarly, after developing my initial shadow/ZLB yield curve framework, a US economist mentioned something like the following to me in conversation: "We hope that interest rates will remain briefly at zero, and then we can continue to use standard Gaussian models with an appropriate footnote for the exceptional period."
Four years later, and the United States along with most other major economies still have their policy interest rates effectively at zero. Furthermore, expectations from yield curve data and market surveys are for interest rates to remain at or close to zero at least well into next year, and longer for some economies. While fortunate from the perspective of my research (and providing yet another anecdote on the forecasting prowess of economists), the fundamental challenges of reconsidering the traditional frameworks for financial markets and operating monetary policy effectively based on unconstrained interest rates remains an open topic.
In this book, I outline shadow/ZLB yield curve models as one convenient perspective for undertaking those reconsiderations. As I explain, my shadow/ZLB yield curve framework is relatively easy to apply and interpret, it maintains the theoretical basis of Gaussian yield curve models with a ZLB adjustment, and it has already been used to resolve practical issues faced by users of Gaussian models at the ZLB. However, as I also discuss, there are a number of questions that remain to be further investigated. For example, what is the best shadow/ZLB yield curve model specification in principle and/or for practical applications, either overall or for particular topics? Also, how should one best obtain and use the information from shadow/ZLB yield curve models?
By giving readers the background and the details on how to develop and apply shadow/ZLB yield curve modeling, my hope from this book is that the answers to these and related questions can be added more quickly to the now steadily expanding ZLB yield curve literature. The ultimate aim is to deliver general, practical, and robust frameworks that can be applied to the real-world challenges faced by central bankers and financial market participants in the current ZLB environment. And even after the present period of ZLB constraint does eventually pass, there is no telling when they might be required again in the future. I especially thank James Bullard for his early and ongoing encouragement on the topic, and Scott Richard for both his early observations that ultimately led me to the greatly simplified derivation of my shadow/ZLB yield curve framework in chapter 4, and also for his welcome comments on the manuscript.
My biggest thanks go to my partner, Iris Claus, who read the entire draft manuscript and offered suggestions from many perspectives, including editing, technical, and exposition. Her support and encouragement was also invaluable during the entire project.
Finally, I thank the production team at Palgrave Macmillan, particularly Brian Foster who initiated the project, and Sarah Lawrence, Bradley Showalter, Alexis Nelson, Kristy Lilas, and Laurie Harting. They have all helped greatly to make the task of writing this book less daunting than it might have been otherwise.
As usual, I offer the disclaimer that the opinions and any errors in the book are my own, and they should not be attributed to anyone I have mentioned above.
• G (φ, τ ) = 1 φ 1 − exp (−φτ ) , convenient notation for a reoccuring integration result in ANSMs.
ANSM(3) example (notation additional to ANSM(2) only):
• x 3 (t), Bow state variable.
• φ, repeated eigenvalue of ANSM(3) mean-reversion matrixκ. φ determines the rate of exponential decay for the forward rate Slope factor loading, and governs the persistence of forward rate Bow factor loading by time to maturity τ .
• F (φ, τ ) = G (φ, τ ) − τ exp (−φτ ), convenient notation for a reoccuring integration result in the ANSM(3).
Chapter 4
All of the state variables, parameters, and derived quantities are as defined in chapter 3, but they apply to the shadow term structure of the Krippner shadow/ZLB-GATSM framework. The additional notation relative to the GATSM notation is:
